1/1 


AD-A140  496 


UNCLASSIFIED 


RESEARCH  IN  ADAPTIVE  CONTROL  HVBRID  AND  CONSTRAINED 
STRUCTURE  SVSTEMS<U>  MASSACHUSETTS  UNIV  AMHERST  DEPT  OF 
ELECTRICAL  AND  COMPUTER  EN  T  E  DJAFERIS  1?  OCT  82 
AFOSR-TR-82-1122  AFOSR-80-0155  F/G  5/1 


NL 


UNCLA 

SECURITY 


AD  A140496 


REPORT  DOCUMENTATION  PAG 


la.  REPORT  SECURITY  CLASSIFICATION 

_ UNCLASSIFIED 


3a  SECURITY  CLASSIFICATION  authority 


3b.  OECLASSIFICATION/OOWNGRAOING  SCHEDULE 


4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 


3.  djstbibution/avaTlability  of  repor^ 

Approved  for  public  release;  distribution 
unlimited. 


5.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 

XFOSR-TR.  83-1122 


6a  NAME  OF  PERFORMING  ORGANIZATION  Bb.  OFFICE  SYMBOL  7a.  NAME  OF  MONITORING  ORGANIZATION 

University  of  Massachusetts  I  nr  applicable)  Air  Force  Office  of  Scientific  Research 


6c.  AODRESS  (City,  Slat e  and  ZIP  Coda) 

Electrical  &  Computer  Engineering  Dept 
Amherst  MA  01003 


Ba.  NAME  OF  FUNOING/SPONSORING 
ORGANIZATION 

AFOSR 


8c.  ADDRESS  (City,  State  and  ZIP  Code) 

Bolling  AFB  DC  20332 


11.  TITLE  (Include  Security  Ctauificotion) 

SEE  BELOW 


13.  PERSONAL  AUTHOR(S) 

Theodore  E.  D.iaferis 

13a  type  of  report 

Final 


16.  SUPPLEMENTARY  NOTATION 


8b.  OFFICE  SYMBOL 
(If  applicable) 

m 


7b.  ADDRESS  (City,  State  and  ZIP  Code) 

Directorate  of  Mathematical  &  Information 
Sciences,  Bolling  AFB  DC  20332 


9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

AF0SR-80-0155 


10.  SOURCE  OF  FUNDING  NOS. 


PROGRAM 
ELEMENT  NO. 


61102F 


PROJECT 

TASK 

NO. 

NO. 

2304 

A1 

WORK  UNIT 
NO. 


13b.  TIME  COVEREO 

14.  DATE  OF  REPORT  (Yr„  Mo..  Day) 

FROMI/H/flfl  TO 

HffcTACl 

17  OCT  83 

COSAT  I  COOES 


GROUP  SUB.  GR. 


18.  SUBJECT  TERMS  (Continue  on  revene  if  necettary  and  identify  by  block  number ) 

Adaptive  control;  model  reference  adaptive  control  systems; 
hybrid  adaptive  control;  adaptive  pole  placement;  simple 


9.  ABSTRACT  ( Continue  on  reverte  if  necettary  and  identify  by  block  number) 

Stable  Hybrid  Model  Reference  Adaptive  Control  Algorithms  are  suggested  which  are  then 
extended  to  deal  with  the  presence  of  bounded  disturbances.  The  question  of  unmodelled 
i  dynamics  is  also  addressed.  Simpler  adaptive  control  algorithms  are  developed  in  the 
context  of  pole  placement,  by  first  considering  systems  with  known  parameters.  Such 
algorithms  do  not  require  a  minimum  phase  assumption.  The  foundation  is  laid  for  a  much 
J broader  investigation  of  robust  design  methods  for  systems  with  structured  uncertainties. 


TITLE  OF  REPORT:  RESEARCH  IN  ADAPTIVE  CONTROL  HYBRID  AND  CONSTRAINED  STRUCTURE  SYSTEMS 


30.  OI8TRIBUTION/AVAI LABILITY  OF  ABSTRACT  21.  ABSTRACT  SEC 

UNCLASSIFIEO/UNLIMITEO  (Z  SAME  AS  RPT.  QC OTIC  USERS  □  UNCLASSIFIED 


33a  NAME  OP  RESPONSIBLE  INDIVIDUAL 


Dr.  John  A.  Burns 


00  FORM  1473, 83  APR 


31.  ABSTRACT  SECURITY  CLASSIFICATION 


33b  TELEPHONE  NUMBER 
( Include  Area  Code) 

(202)  767-5028 


EDITION  OF  1  JAN  73  IS  OBSOLETE. 


23c  OFFICE  SYMBOL 

NM 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


afosr 


.TR-  8  3  *•  1 1 


•  Final  Scientific  Report 
for 

_ 

J0RP«|Mmk  80-0155 
Titled 

RESEARCH  IN  ADAPTIVE  CONTROL 
HYBRID  AND  CONSTRAINED  STRUCTURE  SYSTEMS 

(May  1,  1980  through  August  31,  1983) 
Report  Number  AFOSR-80-0155-FSR 


T.  E.  Djaferis,  Co-Principal  Investigator 


I  Accession  For 

"TTS  GRA&I 
"  i  C  TAB 
”  ^  vTouncc-d 
iUficatica. 


?is*rii)Ution/ 
Availablllt  t  Gc 


„-LECTE 

t’  APR  2  6  1984 


Approve  d  fo"  public  release  j 
distribution  unlimited. 


AIR  FORCE  OTFICE  OF  SCIENTIFIC  RESEARCH  '  * - 

NOTICE  OF  TRANSMITTAL  TO  DTIC 

Thlr.  techr>As report  has  been  rev >'  •>•*. •  <1  •  - 

•■’pproved  fc:  r>  :  s  r?l0'sse  I  AW  Ajv~.  I'JO-1^. 
Distribution  : ..  -mlimited. 

MATTHEW  J.  KEEPER 

I.  RESEARCH  OBJECTIVES  Chief ,  Technical  Inf ormatlon Division 

A  tremendous  research  effort  has  been  directed  over  the  last  two 
decades  by  Modern  Control  Engineers  in  the  development  of  system  design 

t 

methodologies.  The  objective  was  to  use  these  tools  for  the  control  of 
modern,  complex  systems  and  to  increase  performance.  It  is  also  true 
however  that  only  models  of  physical  systems  are  available,  which  on 
many  occasions  are  quite  "crude".  It  is  Imperative  therefore  that 
design  techniques  are  suggested  which  address  the  imprecise,  approximate 
or  changing  nature  of  the  model.  Adaptive  control  offers  one  such 
viable  alternative  design  method. 

In  recent  years  several  important  theoretical  questions  concerning 
the  stability  of  Adaptive  Control  systems  have  been  resolved.  Once  that 
was  accomplished  emphasis  of  the  research  in  this  area  shifted  to  addressing 
the  gap  between  theory  and  practice.  If  there  was  to  be  a  wider  acceptance 
and  applicability  of  adaptive  algorithms  other  important  Issues  had  to  be 
addressed  such  as  rate  of  convergence,  robustness,  a  priori  information, 
and  computational  complexity. 

The  major  research  objectives  of  our  research  effort  over  the  last 
three  years  were  the  following: 

1)  To  develop  stable  Hybrid  Model  Reference  Adaptive  Control  Systems. 

2)  To  Investigate  the  robustness  of  these  systems  in  the  presence  of 
unmodelled  dynamics  and  bounded  disturbances. 

3)  To  develop  simpler  adaptive  control  algorithms,  allowing  for  an 
easier  implementation. 

4)  To  Investigate  the  application  of  Adaptive  Control  Algorithms  to  non¬ 
minimum  phase  systems. 
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II.  RESEARCH  ACCOMPLISHMENTS 

It  Is  our  feeling  that  substantial  research  contributions  have  been 
made  possible,  over  the  last  three  years  under  AEOSR  Grant  Number  80-0155. 
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A  list  of  all  publications  generated  through  either  total  or  partial 
support  of  this  grant  is  included  in  Section  IV. 

Historically  Adaptive  Control  algorithms  have  either  been  developed 
for  continuous  time  or  discrete  time  systems.  In  Hybrid  Model  Reference 
Adaptive  Control  the  adaptive  gains  for  a  continuous  time  system  are 
ad j listed  on  a  discrete  time  basis.  The  appeal  of  such  a  technique  comes 
from  the  convenience  of  Implementation,  by  performing  gain  calculations  on 
a  fast  digital  computer.  References  [1]  and  [2]  suggest  two  different 
solutions  to  the  Hybrid  Model  Reference  Problem.  Both  guarantee  stability 
of  the  overall  system.  This  effort  represents  a  successful  answer  to 
objective  1-1.  The  methods  were  extended  to  deal  with  the  presence  of 
bounded  disturbances,  and  the  issue  of  unmodelled  dynamics  was  investigated. 
References  [3]  and  [4],  include  this  work  and  address  objective  1-2. 

Any  Adaptive  Control  Algorithm  represents  an  adaptive  implementation 
of  a  corresponding  algorithm  designed  for  a  system  with  known  parameters. 

As  a  result  any  Improvement  of  an  algorithm  for  a  known  system  can  result 
in  a  corresponding  improvement  of  the  adaptive  implementation.  If  for 
example  one  can  suggest  a  method  for  pole  assignment  which  requires  a  lower 
order  compensator,  this  results  in  fewer  parameters  for  estimation  and  a 
simpler  adaptive  algorithm.  This  is  Indeed  what  we  accomplished  in  a 
series  of  papers  on  the  problem  of  General  Pole  Assignment  [7]-[ll].  New 
constructive  solutions  were  reported  improving  earlier  results  on  the  subject. 
The  efforts  culuminated  in  making  simplifying  suggestions  for  an  Adaptive 
Pole  Placement  Algorithm,  [12].  These  results  dealt  specifically  with 


objectives  1-3  and  1-4. 

Additional  work  was  carried  out  on  some  computational  aspects  of 
Discrete  Time  Model  Reference  Adaptive  Control  [6]  and  the  Global  Stability 
of  Direct  Hybrid  Adaptive  Pole  Placement  [5]. 

Even  though  in  the  original  proposal  we  had  not  envisioned  work  on 
Robustness  of  design  methods  for  systems  with  known  parameters,  our  inves¬ 
tigations  Instigated  an  effort  in  this  very  important  direction.  Robust 
design  methodologies  are  at  the  forefront  of  current  research  and  with  very 
good  reason.  References  [13]  and  [14]  include  our  first  results  in  this 
area.  We  investigate  the  pole  assignment  problem  when  the  system  Includes 
"structured"  uncertainties . 

It  is  our  belief  that  this  work  represents  a  substantial  research  con¬ 
tribution  which  would  not  have  been  possible  without  AFOSR  support.  For 
this  we  thank  our  sponsors  at  AFOSR. 

III.  ASSOCIATED  PROFESSIONAL  PERSONNEL 
Professors 

Professor  Richard  V.  Monopoli  May  1,  1980  -  March  19,  1982 

Professor  Theodore  E.  Djaferis  May  1,  1980  -  August  31,  1983 

Professor  Howard  Elliott  August  1,  1982  -  August  31,  1983 

Graduate  Students 

Roberto  Cristi  May  1,  1980  -  July  31,  1983 

(Obtained  his  Fh.D.  in  the  summer  of  1983) 

Sal  Spada  September  1,  1980  -  April  30,  1982 

(Obtained  his  M.S.  in  the  summer  of  1982) 

Aswartha  Narayana  September  1,  1982  -  August  31,  1983 

(Will  be  completing  his  Ph.D.  in  January  1984) 

Massoud  Amin  September  1,  1982  -  April  30,  1983 

(Will  be  completing  his  M.S.  in  May  1984) 
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The  original  Principal  Investigator  for  this  grant  was  Professor 
Richard  V.  Monopoli.  We  were  all  very  saddened  by  his  unexpected  death  in 
March  of  1982.  His  leadership,  enthusiasm  and  devotion  to  his  work  will 

I 

be  remembered.  A  memorial  award  will  be  given  annually  in  the  Department 
of  Electrical  and  Computer  Engineering,  honoring  his  name. 
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